Influx and efflux transport as determinants of melphalan cytotoxicity: Resistance to melphalan in MDR1 overexpressing tumor cell lines.
There is a considerable variation in efficacy of melphalan therapy in multiple myeloma (MM) and other hematopoietic tumors. We hypothesized that this may be due to variations in the expression of influx and efflux transporters of melphalan. We measured the expression of the influx transporters LAT1, LAT2, and TAT1 and the efflux transporters MDR1, MRP1 and BCRP by quantitative RT-PCR and related their expression to the intracellular accumulation and cytotoxicity of melphalan in 7 MM and 21 non-MM hematopoietic tumor cell lines. Variation in the intracellular accumulation accounted for nearly half of the variation in the cytotoxicity of melphalan in MM cell lines (r(2)=0.47, P=0.04). High expression of the efflux transporter MDR1 was associated with low intracellular accumulation and low cytotoxicity of melphalan (r(2)=0.56, P=0.03 and r(2)=0.62, P=0.02, respectively). The effect was reversed by the MDR1 inhibitor cyclosporine. In addition, the MDR1 overexpressing HL-60 cell line showed 10-fold higher resistance to melphalan than the non-MDR1 expressing one. Again, the resistance was reversed by cyclosporine and by MDR1-specific shRNA. LAT1 was the major influx transporter in tumor cell lines with 4000-fold higher expression than LAT2. Down-regulation of LAT1 by siRNA reduced the melphalan uptake by 58% and toxicity by 3.5-fold, but natural variation in expression between the tumor cell lines was not associated with accumulation or cytotoxicity of melphalan. In conclusion, tumor-specific variations in the expression of the efflux transporter MDR1, but not of the influx transporter LAT1, affect the intracellular accumulation of melphalan and thus determine its cytotoxicity.